OBJECTIVE: To evaluate the effects of maternal smoking during pregnancy on foetal growth in preterm infants with gestational age (GA) <33 weeks.
Introduction
Normal foetal growth and development are determined by the genetic potential of the foetus and by several other factors that may be maternal and placental. Genetically predetermined growth may, however, be influenced by environmental factors which can exert either inhibitory or stim-ulatory effects. Nutrient supply to the foetus depends both on maternal nutritional status as well as on the capacity of the placenta to transport nutrients to the foetus. Among other factors, maternal genetic constitution, the existence of certain pathological conditions such as preeclampsia and diabetes, as well as toxic consumption also play an important role in foetal growth [1, 2] .
Foetal chromosomal abnormalities and infections and poor socio-economic conditions also interfere with normal foetal growth and lead to restriction. Foetal growth restraint and consequent low birth weight are major health problems with long term epidemiological and metabolic complications, so that determination of causes and knowledge of patho-physiology are necessary if prevention policies are contemplated.
Among the maternal factors that interfere with foetal growth, maternal cigarette smoking during pregnancy represents one of the commonest, yet most preventable causes of low birth weight, at least in theory.
In France, national data from ANAES [3] are consistent with an overall reduction in the number of women who smoke from 35% of the population in 1984-1986 to 25% in 2002-2003 . This same report however noted that smoking remains high in the youngest women of childbearing age. Although women stop smoking around the age of 25-34 years, 37% do smoke before pregnancy and as many as 27% continue smoking throughout their pregnancy.
Smoking during pregnancy not only leads to foetal growth restriction but is also associated with cases of retroplacental haematoma, placenta praevia and in-utero death. Some studies have related smoking in pregnancy to increased incidence of preterm births, which, combined with intrauterine growth restriction (IUGR), leads to a double insult to the perinatal outcome of infants born to mothers who smoke during pregnancy [4] .
In the post neonatal period, maternal smoking increases the likelihood of sudden infant deaths in those children who were exposed in utero [5, 6] .
Since the first report by Simpson et al. [7] maternal smoking during pregnancy is a recognised cause of IUGR characterised by a reduction in body length, as well as birth weight and head circumference. The majority of published research reports on outcome from the growth standpoint have been in term born infants [8, 11] with very few addressing preterm infants [4, 12] .
Although not particularly designed to assess the effects of smoking during pregnancy on growth in preterm infants some reports have shown that smoking cessation early in pregnancy spared foetal growth and reduced infants morbidity [12] [13] [14] [15] .
Generally it has been suggested that maternal smoking during pregnancy leads to an increased risk of preterm delivery although foetal size does not appear to be compromised in some [12, [16] [17] [18] [19] but not all studies [20, 21] .
Very few studies have evaluated these observations in a prospective manner, which raises the possibility of reporting bias in the ascertainment of the effect of smoking.
The main aim of this study was, therefore, to evaluate in a prospective manner the effects of smoking during pregnancy on foetal growth using anthropometric measures (birth length, weight and head circumference) and comparing the effects in a group of preterm infants of gestational age (GA) less than 33 weeks versus term-born infants.
Population and methods

Population
This is an observational cross-sectional study from an ongoing cohort of a Prospective Regional Survey of Preterm Births in two French perinatal networks (Poitou-Charentes & Franche-Comté) over a period of two years (2005) (2006) . The study population was extracted from the database and divided into two groups cases and controls. All participants gave their consent prior to inclusion.
Inclusion of cases and controls
We included all live-born preterm infants (GA 24-32 weeks) delivered in all maternity unit (n = 30) located in our two regional perinatal networks (Poitou-Charentes & Franche-Comté), they served as cases. Infants were further subdivided into those born by mothers who did (129 infants) or did not smoke during pregnancy (229 infants).
A group of term neonates was also recruited during a week long period, and served as controls. This group included term infants (GA 37-42 weeks) born immediately after the case (preterm infant) in the same maternity unit that followed up the preterm pregnancy prior to in-utero transfer to level III.
These were selected on the basis of term of delivery and maternal smoking status. They served as a comparison group with reference to the effects of maternal smoking on foetal growth. We included equal number of term and preterm infants. Adjustment in recruitment was undertaken on the basis of smoking status (one control smoker recruited for each preterm smoker to avoid tobacco exposure disparity between cases and controls).
The term born infants group also was further subdivided, as were the preterm infants group, into the offsprings of smokers and non-smokers.
The following exclusion criteria were applied to both groups, twin and triplet pregnancies, infants whose mothers had hypertension (pregnancy-induced or pre-existing), gestational diabetes or pre-existing diabetes, newborn infants with congenital malformations and/or chromosomal 
Study design and outcome of interest
We sought to demonstrate a 7% reduction in BW among live-born preterm infants in relation to maternal smoking. The sample size was calculated with a "priori" estimated BW of 1500 g among the global preterm cohort, and an "a priori" rate of smokers equal to 33% among mothers with pregnancy complicated with spontaneous labour and/ or premature rupture of membranes. 130 very preterm infants born to smoking mothers and 230 very preterm infants born to non-smokers were needed to reach the statistical significance levels (alpha risk 5% and beta risk 80%). An inclusion period of two years was estimated necessary to attain this population sample size. [22] . These curves take several parameters into account such as GA, BW, BL, HC, birth rank and gender, maternal age and height as well as pre-pregnancy body weight, to predict the infant's genetic growth potential. Ponderal Index (PI) was derived using the formula P.I = 100 x BW (g)/BL 3 . For each mother, in addition to smoking status, we also recorded data on age, height, weight before present pregnancy, body mass index (BMI), level of education, past obstetrical history, profession and country of origin (recorded as European or non-European).
Definitions
Statistics
Statistical analyses were performed with STATA (9) Software (College Station, Texas, Stata Corp LP). Analysis of variance, non parametric tests (Kruskall-Wallis), Pearson chi-square test and Fisher exact test were used as necessary for bivariate analysis, with level of significance at P <0.05. We used Logistic regression and multiple linear regression analyses for multivariate analysis.
The first analysis compared principal risk factors of foetal growth restriction as defined by AUDIPOG (GA, mother's height and weight, parity, foetal sex, birth rank) between preterm infants (GA 24-32 weeks) smokers versus non-smokers on one side, and term infants (GA 37-42 weeks) smokers versus non-smokers on the other side. The second analysis studied the effects of smoking on anthropometric parameters at birth. Lastly, multivariate linear regression analysis was performed after adjustment for GA, sex of the baby, maternal height and weight, parity and socio-economic conditions to compare the effects of maternal smoking during pregnancy in the preterm infants group (smokers versus non-smokers) and the term-born infants group (smokers versus non-smokers).
Results
We were able to recruit a cohort of 719 live-born infants into the study, of which 358 were preterm (GA 24-32 weeks) and 361 term infants (GA 37-42 weeks). In the preterm group 129 were born to mothers who smoked during their pregnancy, the remaining 229 were born to non-smokers. In the control group 129 infants were born to smokers and 232 were born to non-smokers. We were able to collect all the required data for all participants.
Maternal characteristics
In case group (table Ia) , mothers who smoked were younger (P <0.001), with similar BMI (P = 0.74) in comparison to non-smokers, but a greater proportion had BMIs in the lower and higher distribution than the non-smokers, BMI <18.5 kg/m² (P <0.01), normal BMI (P <0.01), and BMI >25 kg/m² (P <0.01). Mothers who smoked had a lower education level (P <0.001) and were more often unemployed in comparison to non-smokers (P <0.001). No difference was found between groups as far as mothers' country of origin was concerned.
In the control group (table Ib) , there were no significant differences in maternal age, pre-pregnancy BMI was comparable between smokers and non-smokers. Within the BMI category there was a greater preponderance of smoking mother at the extremes of the BMI range: BMI <18.5 kg/m² (P = 0.03), normal BMI (P = 0.03), BMI >25 kg/m² (P = 0.03). Mothers who smoked were less educated in comparison to non-smokers and were likely to be unemployed (P <0.001). Mothers' country of birth was not different between cases and controls (P = 0.23).
Original article
Swiss Med Wkly. 2010;140:w13139 Impact of smoking on preterm delivery There were more heavy smokers (>10 cigarettes/day) among mothers who gave birth to very preterm infants as compared to smoking mothers of term infants (P = 0.01).
Effects of maternal smoking during pregnancy on foetal growth
To evaluate the effects of maternal tobacco consumption during pregnancy on foetal growth we compared anthropometric parameters at birth (BW, BL, HC) in infants (both preterm and term infants) born to smokers and those born to non-smokers. In both cases and controls there were no significant differences between mothers who smoked and those that did not in terms of GA at delivery, maternal height, pre-pregnancy weight, parity and sex of the offspring (Tables IIa and IIb) .
Preterm infants born to smoking mothers were comparable to those born to non-smoking mothers with regard to BW (P = 0.52), BL (P = 0.44) and HC (P = 0.81). No significant difference was found between preterm infants whether the mother smoked or not during gestation. Ponderal index was also comparable between the two subgroups (smokers versus non-smokers, P = 0.30) (table IIa) .
Comparison of anthropometric measures in term born infants revealed a significant difference according to maternal smoking status (smokers versus non-smokers): mean BW (P <0.001), mean BL (P <0.001), and head circumference was smaller in infants born to mothers who smoked in comparison to that of infants born to non-smoking mothers (P = 0.01) (table IIb) .
We performed multivariate linear regression analysis after adjusting for confounding factors (gestational age, foetal gender, maternal pre-pregnancy body weight and height, parity, and socio-economic conditions). Analyses were performed for each group separately (term and preterm infants), with BW, BL and HC as dependent variables respectively (tables IIIa to Vb).
In term infants, BW (P <0.0001), BL (P <0.001) and HC (P = 0.005) were lower in smokers in comparison with non-smokers; BW increased, however, with gestational age (P <0.0001), foetal gender (P <0.0001) and maternal prepregnancy weight (P <0.0001). In this group, BL increased with foetal gender (P <0.003), gestational age (P <0.0001), maternal height (P <0.007) and maternal pre-pregnancy body weight (P = 0.005). Lastly, HC was positively influenced by gestational age (P <0.001), foetal gender (P <0.0001) and maternal pre-pregnancy weight (P <0.0001).
In preterm infants, factors that correlated with a rise in BW were gestational age (P <0.0001), foetal gender (P = 0.013) and to a lesser extent, mother's age (P = 0.032). The only factor that had positive correlation with BL was the birth term (P <0.0001). However, foetal HC correlated positively with both gestational age (P <0.0001) and foetal gender (P = 0.015).
Maternal smoking negatively influenced BW, BL and HC only in term infants, whereas these anthropometric parameters correlated positively only with the gestational age in preterm infant group. We found not statistic correlation between these factors and maternal smoking.
Discussion
This study was designed to assess the effects of maternal smoking during pregnancy on foetal growth in preterm infants of gestational age less than 33 weeks, by comparing Multiple linear regression, n = 343, r square of the model = 0.69 Multiple linear regression, n = 352, r square of the model = 0.22 anthropometric measures of these infants to those of term infants (GA 37 to 42 weeks) serving as controls. Our results suggest that maternal smoking during pregnancy does not impair foetal growth as reflected in the parameters of BW, BL and HC and derived measures of PI in very preterm infants of gestational age <33 weeks.
Mothers who smoked were younger, more likely to be unemployed and to have undergone less school education confirming other reports [9, 23] .
Factors that influence foetal growth such as GA and gender were common to both groups, whereas mother's pre-pregnancy weight influenced BW only in term infants born to smokers.
Smoking appeared to be an important determinant of preterm labour but whether this is a direct effect or a phenomenon associated with other socio-economic factors is unclear from this study. Our study objective being different, we did look any further into this.
Our results corroborate those recently reported by Fitzgerald et al. [24] for whom smoking during pregnancy increased Odd ratio for IUGR only in infants of GA >32 weeks, but contradict those by Vielwert et al. [21] and Jaddoe et al. [25] who reported that foetal growth restraint occurs earlier than the third trimester of gestation.
Similar findings on foetal growth and smoking have been reported in the literature. The body of evidence suggests that maternal smoking during pregnancy tends to interfere with foetal growth towards the end of gestation (third trimester) rather than earlier [12, 16, [18] [19] [20] 26] . These observations are reinforced by Lieberman et al. [17] , who noted that mothers who started smoking from the second through the third trimester, or started smoking during the third trimester had the same risk factors for small babies as those mothers who smoked during their entire gestation. MacArthur et al narrowed this critical window for exposure, as infants whose mothers stopped smoking before GA 16 weeks had similar BW with those born to non-smokers, whereas in those that stopped smoking between 16 and 30 weeks GA, the effects on BW were weak [20] . These findings are supported by recent studies that show that giving up smoking early in pregnancy leads to improved foetal growth comparable to that seen in nonsmokers [4, [13] [14] [15] .
The exact mechanism(s) through which smoking in pregnancy alters foetal growth is/are unclear. Cigarette consumption during gestation places the foetus in a state of chronic hypoxia, interferes with placental-foetal nutrient and gas exchanges, as well as reducing the circulating concentrations of growth factors such as IGF-I and IGF-BP3 that are essential for normal foetal growth [9, 27] and adipokines such as leptin [28] [29] [30] . Despite these observations the lack of an effect on foetal growth in very preterm infants is not clear.
Jauniaux et al. [31] have shown, in a comparative study of placental cotinine transfer between maternal and foetal circulations, that cotinine transfer increases with advancing gestation. Foeto-maternal cotinine ratio is low during the second trimester, and became almost identical near term. This may reflect progressive damage to the placenta so that increased permeability occurs with time. Hence, foetal growth restriction takes place late in pregnancy when the placenta has lost much of its role as filter and compensatory changes are exhausted. Alternatively, the impact may simply be related more to the periods when organ growth Multiple linear regression, n = 298, r square of the model = 0.58 is at its fastest, which given that most is towards the end of the second/early third trimesters, might simply mean that this is the time when it becomes most obvious. It would appear that the effects of maternal smoking are manifest in two ways. Firstly, as an increase in preterm delivery and secondly by reduced organ growth during the third trimester of pregnancy. Both situations are detrimental to the offspring -prematurity in terms of mortality and neurodevelopmental handicap and altered organ growth in terms of the subsequent association with poor cognitive function, cardiovascular disease and type 2 diabetes mellitus.
Variations in reported effects of maternal smoking in different studies may probably be explained by the pharmacogenomics of maternal tobacco use, so that the results of the gene-environment interaction vary according to individual genetic susceptibility as shown by Hui-Ju Tsai et al. [1] .
Our study adds to the body of evidence that point to the adverse effects of smoking during pregnancy. The study strengths are the comprehensive prospective data collection with case-control type selection in an unbiased manner. As a formalised RCT in this area is not possible this is probably the best method available to reduce this bias.
Some authors have suggested that studies evaluating correlation between a risk factor and its effects on foetal growth should be based on reference charts that combine weight of both live births and foetuses in utero [32] . Although our study population was classified with reference to a chart that is solely based on measures performed in live births, we did adjust infant biometric data for other confounders known to influence both antenatal and postnatal anthropometry in attempt to minimize possible bias. Besides, this allows better differentiation between infants who are small as result of in utero growth restriction and those who are small in accordance with their genetic potential [33] .
As always in large studies there is a compromise in ascertainment and it is accepted that urinary cotinine measures would have complemented the study. However, both Burguet et al. [34] and Klebanoff [35] have demonstrated that self-reporting smoking status is sufficiently reliable.
The data suggest that ongoing public awareness programmes to highlight the problems of smoking during pregnancy are required, perhaps targeted at the population most difficult to engage. Adaptation of measures such as those reported by Bolliger et al. to women of child-bearing age could be attempted [36] . It is advisable to stop smoking during the whole gestation as severe side effects due to maternal smoking seem to be preventable if smoking is stopped early in pregnancy. More studies are needed to understand the mechanisms involved in growth effects of tobacco consumption in both term and preterm infants.
Funding / potential competing interests
No funding; no competing interests.
